Hydrogen peroxide, H2O2, is a requisite compound for our life and is widely employed for the oxidation in chemical manufacturing process, bleaching in textile industries, wastewater treatment, and environmental remediation, and semiconductor industries.
materials including alcohol like group, H2O2 is likely to be produced from the reduction of oxygen on the carbon materials. Then, we attempted to construct a method for quantification extremely low amounts of H2O2 and investigate H2O2 formation on the carbon materials through oxygen reduction reaction ORR . The formation mechanism was also investigated by using oxidized acetylene blacks.
All reagents were analytical grade of Nacalai Tesque and distilled water was used to prepare the test solution to investigate the H2O2 formation.
Three kinds of commercially available carbon materials, Ketjen black ® EC300J abbrev. as "Ketjen", Ketjen black Int. , Vulcan XC-72R ® as "Vulcan", Cabot Co. and acetylene black DENKA BLACK ® , Denki Kagaku Kogyou Co. , were employed in this study. Both of Ketjen and Vulcan carbon powders were used without any pretreatment. Acetylene black powders were sieved with a stainless steel mesh and then heated under Ar atmosphere at 950 , which is sorely denoted as AB.
Oxidation of AB was carried out in 13 mol dm -3 M HNO3 at 80 for arbitrary time. After that, it was repeatedly washed with pure water until pH of the rinsing was reached to be neutral. Then, the powders were dried under Ar atmosphere at 120 for 5 h.
These are denoted in "nO-AB" where "n" shows the oxidation time per hour. For example, 3O-AB shows the sample oxidized for 3 h in nitric acid solution. All AB's were stored in a vacuum chamber before use.
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The amounts of the acidic functional groups were quantified by so-called "Boehm titration" by using an automatic titrator TOA DKK, AUT-301 .
Prior to study for hydrogen peroxide formation on the carbon materials, both of cleanliness of our reaction system and availability of Ti-TPyP complex for ultramicroanalysis of H2O2 were confirmed.
For this purpose, we firstly checked the purity of water. When highly pure water that was obtained by a water purification system with a carbon packed column was used, tiny amounts of H2O2 was unfortunately detected in the order of 10 -8 M in the prepared sulfuric acid solution. Thereby, we decided to use distilled water afterward.
The detection limit of H2O2 is 10 -8 M in this study. On the other hand, H2O2 was detected in the presence of all AB's. The amount of H2O2 produced from ORR on Ketjen Fig.1 a was significant rather than the others Fig.1 b for Vulcan and 1 c for AB, respectively . It was considered that the formation rate of H2O2 was strongly depended on the nature of carbon materials such as pore structure, effective surface area, surface morphology and functional groups that presence on the surface.
BET surface areas of each carbon material were summarized in Table 1 . From these results, production amount of H2O2 per a unit surface area of each carbon material was calculated and are shown in Fig.2 . The production amount of H2O2 on Ketjen and Vulcan was comparable for 120 min, though the trend of production rate was little bit different. This reason unfortunately has not been clarified yet. In contrast, the production amount of H2O2 on AB was smaller than the others.
This might be due to difference in surface character of AB from the other carbons. Assuming that there are several kinds of functional groups on the surface of each carbon materials, the amount of functional - Table 1 Brunauer-Emmett-Teller BET surface area of carbon materials employed in this study.
groups, which might be a key for H2O2 production, might be small for AB rather than the others. Nevertheless, both of Figs.1 and 2
clearly show that H2O2 is produced on carbon materials through a chemical reaction between oxygen and carbon surface.
It was also confirmed by infrared spectra of Ketjen Black after the reaction that the amount of alcohol like groups was decreased.
Hence, it was reasonable to think that H2O2 formation would be mainly depended on the functional group in particular alcohol groups. This is strongly supported by the latter results for oxidized acetylene blacks.
In order to investigate the detail formation mechanism of H2O2 on carbon materials, quantification of H2O2 was conducted with the chemically treated AB samples in the same manner. Here, AB was employed because the production amount for AB was the lowest in this study. Fig.3 shows the H2O2 production from AB and various O-AB's. The production amount of H2O2 was decreased with increasing in the oxidation time.
The surface functional group on the all AB's was investigated by XPS. Although the spectra were not shown, the peaks corresponding to C and O were observed and there were no fragments to reveal the presence of nitrogen. Thus, we can hereafter consider the formation mechanism of H2O2 on the carbon surface without any effects of nitrogen.
The results of Boehm titration for AB and various O-AB's after the oxidation are summarized in Fig.4 . The amount of total acidic functional groups per unit area of each AB's was increased with the oxidation time, and the content of this was changed. In particular, the amount of alcohol like group was significantly increased after oxidation for 3 h, and then was gradually decreased with increasing in the oxidation time. On the other hand, the amount of carboxylic group was increased monotonously with increasing in the oxidation time. The amount of lactones was almost same for all O-AB's. The tendency of the amount of alcohol like group upon the oxidation time was remarkably similar to that of the production amount of H2O2 as shown in Fig.3 . Based on these results, it was suggested that alcohol like groups would be a key to H2O2 formation on AB.
As mentioned before, hydrogen peroxide is practically produced through the reaction between oxygen and alkyl-anthrahydroquinone as eq. 1 1 , 2 . As similar to this, in the present study, it was considered that oxygen reacted with alcohol like groups presence on the carbon materials as eq. 2 , which gives H2O2 formation 9 , 10 .
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Here, alcohol groups are oxidized to carbonyl groups and simultaneously H2O2 is produced. Thereby, H2O2 formation would be terminated if all alcohol like group presence of the carbon material was fully reacted. Whereas, since the fact that H2O2 was continuously produced for long time as 120 h, it was taken into account that there are active and less active alcohol like groups that exist inside of the pores as an example in the carbon materials. It was also considered that the effect of secondary alcohol groups on H2O2 formation was recognized as Shell method 12 , 13 . The effect of carboxylic acid could be negligible in the present study as mentioned before.
Further study is needed to elucidate the formation mechanism of H2O2 on the carbon materials for increase in H2O2 production to get a strategy for development of the on-site H2O2 production system with reasonable energy consumption.
Hydrogen peroxide formation on several carbon materials such as Ketjen black, Vulcan XC-72R and acetylene black was investigated.
H2O2 was surely produced on the carbon materials employed through ORR. The production amount of H2O2 was increased with an increase in the amount of alcohol like groups. It was therefore considered that H2O2 would be produced from the chemical reaction of oxygen and alcohol like groups in the same manner as "anthraquinone process". 
